In this paper the fermentative production, isolation, physico-chemical properties, antibacterial activity and some preliminary absorption studies in rats of these antibiotics are presented. The microanalyses (C, H, F and N) of IV and VI were in agreement with the molecular formulas C37H88FNO13 and C88H84FN01S, respectively. FAB-MS of IV and VI showed good pseudomolecular ion sensitivity and fragmentations that could be interpreted on the basis of chemical ionization or electronic impact mass spectral data reported19-21) before for natural erythromycins. FAB-MS of IV gave the protonated molecular ion at m/z 752 that was also the base peak. The fragmentation pattern showed the presence of peaks at m/z 734 (MH+ -H2O), and m/z 594 and 576 accounting for the removal of cladinose from the protonated molecular ion, with or without the glycosidic oxygen atom, respectively.
The glycosidic fragmentations were substantiated by metastable ion peaks at the appropriate mass values (469.2 and 441.2). The fragments at m/z 174 and 158 indicated the presence of desosamine, while those at m/z 159, 127 and 109 were characteristic of cladinose. FAB-MS of VI gave the protonated molecular ion at m/z 738, while the peak at m/z 720 was due to ion MH+ -H20. The fragmentation pattern was analogous to that showed by (8S)-8-fluoroerythromycin A. Peaks at m/z 145, 127 and 109 showed that the sugar at C-3 was mycarose. When IV and VI were treated with dilute hydrochloric acid (Scheme 2), according to the method described in previous papers22,23), they afforded a common monoglycoside, whose elemental analysis, FAB-mass and 1H NMR spectral data were consistent with structure VIII of 5-O-desosaminyl-(8S)-8-fluoroerythronolide A. Acid-catalyzed methanolysis of IV led to the mixture of the a-and p-anomers (X and XI) of methyl cladinoside243 as with erythromycin A. In an analogous way, both VI and 3-O-mycarosylerythronolide B afforded the a-and p-anomers (XII and XIII) of methyl mycaroside25). indicates that the fluorine atom at C-8 does not introduce significant steric and conformational changes in the structure of the aglycone, which still has a facile permeation through the cell membrane and is recognized by the glycosidating enzymes. Before this experiment, we already described" the obtainment of a bisglycoside by feeding erythronolide A to S. erythraeus ATCC 31772. The latter substrate was quantitatively converted to erythromycin A. In the present experiment, a mixture of (8S)-8-fluoroerythromycins A (IV) and C (VI) in approximatively equimolar amounts was produced when (8S)-8-fluoroerythronolide A (I) was added to a culture of that same strain. This suggests that O-methylation is a rate-limiting step due to the high substrate specificity of the S-adenosyl-L-methionine transmethylase and this activity is negatively affected by the fluorine atom in the substrate. This specificity, which seems to be the strictest among those of the enzymes of the last steps in the biosynthesis of erythromycins, also came out from the before mentioned conversion of 11-O-methyl ether of erythronolide B yielding only the 11-O-methylerythromycin B, and not the A-form.
Acid Stability
The importance of the fluorine atom at C-8 is clearly illustrated by the data of Table 1 where the acid stability at pH 2, 3 and 4 of the new (8S)-8-fluoroerythromycins is compared with that of erythromycin The high acid stability of (8S)-8-fluoroerythromycins prompted us to further biological investigations. In Fig. 1 some preliminary data of the serum levels of (8S)-8-fluoroerythromycin A (IV) in rats are reported in comparison with those of erythromycin A. In view of these results, (8S)-8-fluoroerythromycin A (IV) could be an attractive alternative to erythromycin A 2'-esters which, despite their good oral absorption, possess undesirable side effects40) and must be hydrolyzed in vivo to be therapeutically effective41). More complete studies in vivo will be presented in a forthcoming paper. were obtained on a Perkin-Elmer 577 spectrophotometer for KBr disks (0.001 g of substance in 0.2 g of KBr). 1H NMR spectra were obtained on a Varian T-60A spectrometer at room temperature in pyridine-d, (c 0.05 g/ml). Chemical shifts are reported in ppm from tetramethylsilane (TMS) as internal reference. 13C NMR spectra were recorded with a Varian XL-200-FT spectrometer at 50.3 MHz in proton decoupled conditions at room temperature. Samples were dissolved in deuteriochloroform (c 0.2 g/ml) containing TMS as internal reference. FAB-MS were carried out on VG Analytical 7070E mass spectrometer equipped with a FAB source and operating with a 6kV accelerating potential. Approximatively 0.5 -1 tog of sample dissolved in glycerol was used.
Thin-layer chromatography (TLC) was carried out on precoated silica gel 60 F254 plates (Merck) using acetone -chloroform -methanol -10 % ammonium hydroxide (50: 50: 1.4: 2) as developing solvent system (three runs). Compounds were visualized by spraying the plates with anisaldehyde -acetic acidmethanol -sulfuric acid (1: 5: 90: 2). Colors developed after a few minutes at 80°C. Antibiotics were also detected by bioautography on Micrococcus luteus ATCC 9341 seeded agar. This same strain was used as test organism to determine the antibiotic levels in the cultured broths and the biological potency of the isolated compounds by a standard agar diffusion method.
High performance liquid chromatography (HPLC) analyses were carried out according to a modification of a described procedure42). A Hewlett-Packard 1084 B liquid chromatograph equipped with a variable-wavelength detector at 210 nm and a Lichrosorb RP8 10 tom stainless steel column, 250 x 4.6 mm i.d., was used. Flow rate of the mobile phase was 2.0 ml/minute and the column was operated at 40°C. Two mobile phases were employed: mobile phase 1 consisted of acetonitrile -0.01 M phosphate buffer pH 7.0 (40: 60); mobile phase 2 consisted of acetonitrile -0.01 M phosphate buffer pH 7.0 (64: 36). Acid stability trials of new antibiotics were carried out according to the method described in a previous paper43). Gas liquid chromatographies (GLC) were carried out on a Perkin-Elmer Model 900 B equipped with a glass column, 2,000 x 2 mm i.d., packed with 4.3 % Silicone OV 25 on 80-100 mesh HP Chromosorb Wand heated from 110°C to 160°C (6°C/minute). Nitrogen gas was used as a carrier at 30 ml/ minute and 2.8 kg/cm2 inlet pressure.
Column Chromatography Partition column chromatography was carried out in conformity with a reported method44) using a column (740 x 24 mm i.d.) packed with silica gel 60,70-230 mesh (Merck). Fifteen-milliliter fractions were collected at a flow rate of 1.0 ml per minute and were tested by TLC and HPLC (mobile phase 2). Fractions containing one product only were combined and concentrated to dryness under reduced pressure. Residual buffer salts were removed from products by washing their chloroform solutions with water. Sephadex LH-20 (Pharmacia Fine Chemicals), particle size 25-100,um, was refluxed three times for 30 minutes in a mixture of chloroform and methanol (1: 1), filtered and dried at 40°C before beeing used for column chromatography45). Preparation and elution of the column was performed with a mixture of chloroform -hexane (1: 1). Homogeneous fractions were combined and evaporated under reduced pressure.
Microorganism and Fermentation
The strain employed in the present investigation was Streptomyces erythraeus ATCC 31772 which was cultured as described in a previous paper"). After 24 hours of cultivation, 500 tcg/ml of either substrate, (8S)-8-fluoroerythronolide A (I)3) or B (II)3) or 3-O-mycarosyl-(8S)-8-fluoroerythronolide B (III)4), was added into the culture and the cultivation was continued for a further 96 hours. Antibiotic production generally reached a maximum after 120 hours (HPLC, mobile phase 2), corresponding to the total conversion of the added substrate (HPLC, mobile phase 1). TLC and bioassay were also used to monitor the process.
Isolation of (8S)-8-Fluoroerythromycins A (IV) and C (VI)
The broth (2.1 liters) to which 1.0 g of (8S)-8-fluoroerythronolide A (I) had been added, was filtered over Celite to remove mycelia and the filtrate was clarified by the addition of equal volumes of a 10 aqueous solution of zinc sulfate and a 4 % solution of sodium hydroxide. After centrifugation, the clear supernatant was extracted with ethyl acetate at pH 9. 
Isolation of (8S)-8-Fluoroerythromycins B (V) and D (VII)
The broth (2.1 liters) to which 1.0 g of (8S)-8-fiuoroerythronolide B (II) had been added, was clarified, extracted and purified by partition column chromatography as reported before. mmol) of (8S)-8-fluoroerythromycin A (IV) or B (V) in 2 ml of methanol containing 1 % hydrogen chloride, was allowed to stand at room temperature for 22 hours. The reaction solution was poured into a saturated sodium hydrogen carbonate solution, concentrated under reduced pressure to remove methanol and then extracted with ethyl acetate. After drying on anhydrous sodium sulfate, the extract was concentrated under reduced pressure. GLC analysis of the residue showed two components with retention times of 3.8 (18 %) and 4.5 (82 %) minutes, identical to those obtained from the corresponding cleavage of erythromycin A. Antibacterial Activity In Vitro
Minimal inhibitory concentrations (MIC) were determined by the standard two-fold dilution method using Muller Hinton (MH) medium (Difco). For the genera Streptococcus and Corynebacterium the MH medium was added with 5 % horse serum. The genera Haemophilus, Neisseria and the anaerobes were tested on GC Completed Medium (Difco). Incubation was performed in gas pack anaerobic jar (BBL) for anaerobes, in candle jar for the others. Bacterial strains used for susceptibility determinations were cultures regularly employed in our screening tests. The strains coded PRL (Pierrel Research Laboratories) have been collected and identified by standard criteria in these laboratories. Bacterial cultures containing approximatively 10° -101 viable cells/ml were prepared from overnight cultures. One loopful of the cultures was inoculated on the agar plates containing antibiotics. The agar plates were incubated at 37°C for 24 hours, and MIC was defined as the lowest concentration that prevented visible growth. The usual diffusion cylinder method") was used to estimate the potency of the new antibiotics against Micrococcus luteus ATCC 9341. For a selected number of bacterial strains the MIC were determined in MH broth. For these strains the minimal bactericidal concentrations (MBC) were also determined by further subculturing in the medium without antibiotic the cultures that after 24 hours did not show visible growth.
Absorption Studies in Rats
Female Sprague-Dawley rats weighing 160-j 180 g were given 100 mg/kg of antibiotic orally. Six rats were sacrificed at each interval, blood samples were withdrawn and sera separated by centrifugation.
The sera were stored at -20°C until assay. Serum levels were determined by the usual diffusion cylinder plate method" using Micrococcus luteus ATCC 9341.
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